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1.Abstract

Satellite signature effect is the one of major SLR error sources. The reflected signal is deformed and spread with a long tail in temporal distribution due to Satellite signature effect.
To reduce the satellite signature effect on the SLR precision, we recently simulated the satellite signature effect removal process for normal point algorithm. The simulation Is
conducted based on a revised model of satellite response, which fully considering the structural and distribution characteristics of retroreflectors. In order to eliminate both long-term
and short-term satellite signature effect, a clipping method for SLR da-ta processing Is proposed by defining the clipping location as 5.6mm away from the mean value of the long-
term fit residuals to select effective returns for normal points. We applied the clipping method for SLR data processing of Changchun station. The results indicate that compared to
normal points algorithm, the stability of RMS Is im-proved 53% and both the stability of skewness and Kurtosis for LAGEOS-1 also improved. The new method has stronger
robustness and applicability, which can further minimize the influence of satellite signature effect on the SLR production. The results have been published in Appl. Sci.

: : . . from the reference point(fig.5). Due to the distortion at the front and back edge of the
2. the simulation of satellite Slgnatu re effect fit residuals distribution, the curve of mean value RMS presents to be concave. And we
define the minimum(5.6mm) in the curve as the clipping location in the new method.
X S T S S S ST S 3} () Fig.6 shows the main data processing of
i S A LI L S L. the clipping method for LAGEOS-1
A L Iy nsag-o - observation points. The result shows the
" O;:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.: * 1 % distribution of fit residuals proceed by
BN O P the clipping method is more centralized,
PP B AL - B A R S T ? while both the unstable leading edge
R PN R B irreerar e and distorted tail of observation data
0 30 100 lsiatimd;(i? 250 300 350 Fig.6 The diagram of the clipping method. have been drama'ucally reduced
Fig.1 LAGEOS-1 and positions of retroreflector on the surface
e o We simulate the LAGEOS-1 reflected
Y (I | pulse by the distribution of retroreflector
oo e /.| over LAGEOS-1 is indicated in Figure 1. 4. Results

JELY SR . | The waveform of a reflected pulse for _

P temenimm e et pewmmmensimaen different incident angles are simulated by 5 iy The RMS per normal point (NP)
. ] .1 the parameters of Changchun station, and - obtained by the clipping method has
Ry .. parts of them are plotted in Figure 2. The " IR IR decreased S|gn|f|c§1ntly and become more
£ ll'l £ ".l " 1 return pulse has evolved from a standard ML N H LU L concentrated, while the skewness and
0'02 j L __ ' | Gaussian shape to be an asymmetric : kurtosis are also obviously reduced.

woow wmow fwowm o owo w0 oo w o wdistribution. The reflected intensity will T g Compared to the normal point algorithm,

Fig.2 Simulated reflection distribution of LAGEOS-1 with the laser Change When the inCident Iaser DUIse ’ oo :j g et LAGEOS_]‘ Observatlon (_jata proce_ssed

incident direction from (0° ,1° )to (0° ,6° ). glldeS across the surface of LAGEOS-1. : JLARNIL Al o by Cllpplng methOd has hlghe_r_preCISl_On

0.0% P _ _ MM G HHT and better stability and reliability, which

. smwenr: 10 VErify the effectiveness of the above - ol ER L indicates the clipping method can not

PN simulation, we compare the numerical o g v only eliminate the long-term but also re-

S 000 / \ simulation result with the observation data e e e duce the short-term satellite signature

E“-US' V A prOVided by ChangChun Statlon(l:lgg) Fig.7 RMS, kurtosis, skewness per normal point for LAGEOS-1 eﬁeCt from raw ranging data ﬁleS.

;éﬂ.(ldr- The Pearson COI’I’Ela'[lon COEﬂ:ICIGH.'[ Of obtained by the different pre-processing algorithms.

z \ these two long-term full rate residual

003 profiles 1s calculated to be 0.98, which

~ 0.02] M mealr;_st the_simltjlationflé)asted on the revitseid Normal point algorithm Clipping method

satellite signature effect can accurate
o l{r m reflect theglong-term distribution of the RMS per NP 02309 9mm 20074 59mm
0.00 -——=% ; <0 00 =0 returned signal. Skewness per NP 0.2+0.10mm 0.11+0.08mm
itresidual(ps) Kurtosis per NP 2.27+0.13mm 2.26+0.09mm
Fig.3 The fit residuals distribution of LAGEQOS-1.
Tab.1 The average statistical results of LAGEOS-1 observation points for January,2021 with different SLR data pre-
processing method.
3. New clipping algorithm based on satellite signature effect

5. Conclusions
£ s On this basis, a new clipping method Is proposed and applied for SLR data
processing of Changchun SLR station. We adopt Poisson filter and rejection of 2.5
r el x RMS to reduce noise points but retain the most of returned waveform. Defining
= W~ clipping location as 5.6 mm away from the mean value of the long-term fit residuals
RS - ol 300 IS Important to select the effective returns for normal points. The experimental
iterteg Y Yy o W .. < results illustrate that, compared to normal point algorithm, the RMS per NP for
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Fig.4 The variation of the COM of the reflected signal Fig.5 The relationship between clipping location and to 56.07 + 4.69 mm, and the Stablllty of observation data IS improved 53%. Both the
processed by normal point algorithm. mean value RMS. stability of skewness and Kurtosis for LAGEOS-1 also improved. It is concluded
Fig.4 illustrate that normal point algorithm can reduce the long-term effect of satellite that the clipping method can minimize both long-term and short-term satellite
signature on reflected signal but not erase the instability of SLR data distribution signature effect and improve the ranging precision and stability of SLR observation
introduced by the variation of satellite signature effect for each observation. data. This study improves the satellite signature effect model. In this paper, the
To further minimize the short-term satellite signature effect and improve the stability fluctuation of CoM value caused by satellite signature effect is simulated for the
of the observation data, We use the mean value of the long-term fit residuals first time. By simulating the effectiveness of different clipping location, the pre-
distribution instead of the leading edge as the fixed reference point for normal points. processing algorithm is successfully improved and achieved good results. This
The distribution of fit residuals and the corresponding CoM are calculated at different paper provides a reference for other stations to build their own data processing
acceptance levels by adjusting the value of the distance between the clipping location algorithm and further enriches the theory of system errors for SLR systems.
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